Background: Breast cancer diagnosis and treatment affect quality of life and stress and are associated with fatigue. Meditation interventions are effective strategies for patients with breast cancer but are often limited by poor access, high cost, substantial time commitment, and poor adherence. In this feasibility study, we investigated the use of a portable, wearable, electroencephalographic device for guided meditation practices by breast cancer patients during the period from breast cancer diagnosis until 3 months after surgical treatment. Methods: We enrolled women (age = 20-75 years) who had received a recent diagnosis of breast cancer and planned to undergo surgical treatment. Participants were randomly assigned to perform guided meditation with the device (intervention group) or receive CD-based stressreduction education (control group). Surveys were used to measure stress, quality of life, and fatigue at baseline, within 4 days before surgery, up to 14 days after surgery, and at 3 months after surgery. Results: In the intervention group, 15 of 17 participants (88.2%) completed the study; in the control group, 13 of 13 participants completed the study (100%). Participants in both groups had less fatigue and stress and improved quality of life at 2 weeks and 3 months after surgery compared with baseline, but there were no significant intergroup differences at any time point. Conclusion: The use of this wearable electroencephalographic device for meditation is a feasible strategy for patients with breast cancer.
Introduction
After patients receive a diagnosis of breast cancer, their stress often increases and quality of life (QOL) decreases. Distress is common in patients with cancer and occurs in more than half of these patients at the time of breast cancer diagnosis. 1 Fatigue is a common treatment-related symptom after breast cancer treatment and contributes to lower overall QOL. 2 Inadequately addressing the psychosocial aspects of cancer care compromises patient health and treatment adherence and effectiveness. 3 Initiating mind-body therapies at the time of cancer diagnosis and during cancer care can be difficult. Many studies have evaluated therapies delivered after the completion of active treatment or therapies for specific symptoms, such as persistent cancer-related fatigue. [4] [5] [6] Still, distress increases after they receive a cancer diagnosis, and they often feel angst in the days or weeks before cancer treatment begins. Thus, patients would benefit from interventions that alleviate symptoms and improve QOL soon after breast cancer is diagnosed, particularly if such interventions were easy to implement and integrate into patient care.
Recently, distress management tools for patients with breast cancer have received more attention. The Society of Integrative Oncology published guidelines for the use of integrative medicine modalities for the treatment and supportive care of women with breast cancer, 7 which were subsequently endorsed by the American Society of Clinical Oncology. 8 In the systematic review-based guidelines of the Society of Integrative Medicine, meditation had the highest level of evidence (grade A) for the management of stress and anxiety.
Randomized controlled trials have shown that meditation can reduce anxiety and improve QOL for patients with breast cancer, but data on the effects of meditation at diagnosis or during early treatment are sparse. [9] [10] [11] [12] [13] [14] [15] In addition, meditation intervention groups often require in-person attendance at several sessions held over 8 to 12 weeks. This time commitment for patients is a barrier to providing effective therapy more broadly. In addition, traditional instruction in mindbody therapies requires qualified instructors, thereby increasing the cost of providing this service. Finally, continued adherence to meditation practice after face-to-face interactions is difficult to track and to ensure.
Currently, many platforms are marketed to provide mind-body training to patients in a more accessible and less costly manner. For example, Mindfulness-Based Cancer Recovery, a program that provides digital, online instruction, has been evaluated for feasibility. 16 However, because patients do not receive feedback, this approach is limited by unidirectional interactions with the program and the lack of accountability to participation.
In contrast, the portable, interactive, electroencephalographic (EEG) Muse headband (InteraXon Inc, Toronto, Ontario) could be used to provide feedback and accountability. The Muse headband is meant to encourage mindfulness practices, to guide the user toward a calm state, and to reduce stress and anxiety. The Muse device measures brain activity by detecting electrical impulses with 7 sensors that provide 4 channels of EEG data. Participants receive meditation instruction through the Muse application (app) on a smartphone or tablet and are led through a series of attention-focusing sessions that train them to reach a meditative or calm state. Each session lasts a recommended minimum of 3 minutes and can be done in any quiet place, including the participant's home. The Muse headband monitors the brain state and measures EEG signals at frontal and temporal locations. These signals are converted to measures of the brain state, and by using a proprietary algorithm, the device can distinguish between active and calm states. The Muse device provides immediate, real-time feedback about the participant's brain state through a series of audible, typically weather-related, cues. In addition, the participant's data are collected directly by the device, and immediate feedback is available about the participant's personal history of sessions.
The Muse app can also provide reminders to participate in sessions on a regular basis.
In this randomized controlled trial, we used the Muse headband to measure the calm state of the brain and its potential effects on fatigue, QOL, and stress in patients with newly diagnosed breast cancer who were scheduled to undergo surgical treatment. Our primary goal was to evaluate the feasibility of using this intervention to facilitate meditation as a means of improving symptoms through practice, feedback, and accountability. Secondary aims were to compare fatigue, QOL, and stress between patients using the Muse device and patients receiving stress-management education and to assess the association between the amount of Muse use and changes in outcomes.
Methods

Participants
We decided to enroll 30 participants after considering the resources needed to conduct this pilot study. Participants eligible for inclusion in this trial were women aged 20 to 75 years with newly diagnosed breast cancer who were planning to undergo surgical treatment and could complete at least 7 days of intervention before the presurgical visit. Participants had to be able to provide informed consent and had to be willing to complete all aspects of the trial. Exclusion criteria included currently participating in mindfulness practice or receiving integrative medicine therapy, including acupuncture, mindfulness or stress-reduction programs, massage, and energy therapies; being enrolled in another clinical research program evaluating fatigue, QOL, or stress; being pregnant or breastfeeding; or receiving neoadjuvant chemotherapy.
Enrollment
We used flyers and provider referral to recruit patients through the Breast Diagnostic Clinic at Mayo Clinic in Rochester, Minnesota. A study coordinator contacted potential participants for a scripted prescreening telephone interview. Eligible, interested patients completed a baseline visit in which informed consent was obtained. Patients without access to an iOS device were lent an iPad mini (Apple Inc, Cupertino, CA) to use during the study.
At baseline, participants were randomly assigned in a 1:1 ratio with a computer-generated program to receive the Muse device intervention or stress-reduction education with a practice-based CD for home use. Eligible participants were enrolled in the study. Participants received $50 (prorated per visit) for completion of all 3 follow-up visits. Participants in the intervention group were allowed to keep the Muse device. In addition, Muse devices were provided to those in the control group at completion of the study. If borrowed, the iPad mini was returned to the study team.
Interventions
Participants were randomly assigned to 1 of 2 treatment groups (Muse or CD) with a computerized dynamic allocation algorithm written by the Division of Biostatistics and Informatics.
Muse Intervention Group. The participants in the Muse intervention group received a Muse headband, instructions for use, and guidance for installing the Muse app on their smartphone or tablet. The study team checked the fit of the headband to ensure proper positioning and signal capture, after which the participant completed an introductory 3-minute meditation session.
The Muse device collected and uploaded deidentified data to a secure, Health Insurance Portability and Accountability Act-approved cloud server. Each episode of use was recorded by the Muse device, and the date, time, and duration of the session with a calculated percent calm score were provided directly back to the participant. The deidentified data were available in aggregate to the study coordinator and statistician. Adherence data were obtained directly from the Muse device.
Control Group. After being randomly assigned to the control group, participants received stress-management materials from a study team member, who reviewed them with the participant during the 60-minute baseline visit. A 3-minute stress-reduction CD was provided, and participants were encouraged to use it daily. Adherence was monitored with a written log completed by the participant.
Outcomes
Outcomes were measured by the study coordinator with surveys administered at 4 time points: baseline, presurgery (up to 4 days before the procedure), postsurgery (up to 14 days after the procedure), and 3 months postsurgery (86-94 days after the procedure). Visits were done in person or over the phone if the participant was unable to meet in person. Validated, standardized scales were used to assess fatigue, QOL, and stress.
Fatigue. The validated, 30-statement Multidimensional Fatigue Symptom Inventory-Short Form (MFSI-SF) was administered to assess participants' fatigue in the prior week. 17 Participants were asked to rate their symptoms from 0 ("not at all") to 4 ("extremely"), and a score (range = 0-24) was reported for each of the 5 subscales: general fatigue, physical fatigue, emotional fatigue, mental fatigue, and vigor. A higher score on the vigor subscale indicates less fatigue; lower scores on all other subscales, less fatigue. The total score is the sum of the 4 subscale scores for fatigue (general, physical, emotional, and mental) minus the subscale score for vigor (total score range = −24 to 96). [18] [19] [20] Quality of Life. Quality of life was assessed with the multidimensional, cancer-specific Functional Assessment of Cancer Therapy-General (FACT-G), a validated and reliable tool for assessing QOL in cancer patients enrolled in clinical research studies. 21 The FACT-G results include an overall score and 4 subscale scores: physical well-being (7 items; score range = 0-28), social/family well-being (7 items; score range = 0-28), emotional well-being (6 items; score range = 0-24), and functional well-being (7 items; score range = 0-28). The total FACT-G score is the sum of the scores on these subscales (score range = 0-108).
Stress. Stress was evaluated with the Perceived Stress Scale (PSS). The PSS is a 10-item Likert-type scale used to measure global life stress by assessing the degree to which life events are appraised as uncontrollable or unpredictable. Responses are scored on a 5-point scale from 0 ("never") to 4 ("very often"). A higher total score indicates greater stress (total score range = 0-40). The PSS correlates well with life experiences, stress measures, and social anxiety, and has adequate reliability. 22 Participant Feedback. At the 3-month postsurgical visit, participants additionally completed the Was It Worth It (WIWI) questionnaire, which was administered to collect themes about participant satisfaction with the study. 23 
Statistical Methods
The participant characteristics and scores were summarized as number (percentage) or mean (standard deviation), as appropriate. The baseline characteristics of the participants who completed follow-up assessments, along with responses to the WIWI questionnaire, were compared between study groups with the Fisher exact test (for categorical variables) or the Wilcoxon rank sum test (for ordinal variables). The WIWI items were also compared according to surgery type (lumpectomy vs mastectomy). We used the Wilcoxon signed rank test to compare the subscale and total scores of MFSI-SF, FACT-G, and PSS at each follow-up visit with the baseline scores within each study group. Score differences (presurgery vs baseline, postsurgery vs baseline, and 3-months postsurgery vs baseline) were compared between groups with the Wilcoxon rank sum test, including comparisons according to study group (Muse intervention group vs control group), use (high vs low Muse use and high vs low CD use), and surgery type (lumpectomy vs mastectomy). P values less than .05 were considered significant. Because this study evaluated the feasibility of the Muse intervention, no adjustment for multiple statistical testing was applied. All analyses were performed with SAS version 9.4 (SAS Institute Inc, Cary, NC).
Results
The participant enrollment period was from September 1, 2015, through June 27, 2016, and follow-up continued through September 2, 2016. Of 81 patients considered for enrollment in this trial, 30 did not meet the inclusion criteria or were not interested in participating (Figure 1 ). The remaining 51 participants provided consent and were randomly assigned to the Muse group (n = 25) or the control group (n = 26), but 8 in the Muse group and 13 in the control group did not meet additional criteria, and another 2 in the Muse group did not complete the study owing to changes in their surgical management. The final analysis included 15 participants in the Muse group and 13 participants in the control group who completed the study and all assessments.
The baseline demographic and clinical characteristics of the participants were similar between the study groups ( Table 1) . Participants in the control group had a slightly higher (but not significantly different) level of education compared with the participants in the Muse group (84.6% of participants in the control group had a 4-year college, graduate, or professional degree vs 53.3% of participants in the Muse group; P =.05). The median (interquartile range) number of sessions completed by participants in the Muse group was 29 (14-35; range = 0-116); in the control group, 14 (9-23; range = 0-35). High use was defined as use of the intervention more than the median number for each group. In the Muse group, 7 of 15 participants completed 30 or more sessions and were therefore considered high Muse users; in the control group, 7 of 13 participants used the CD 14 times or more and were therefore considered high CD users.
In the Muse group, the mean MFSI-SF scores for the emotional and mental fatigue and vigor subscales and the total MFSI-SF score improved significantly from baseline to postsurgery and from baseline to 3 months postsurgery ( Table 2 ). Muse participants had significant improvements in FACT-G scores for emotional well-being between baseline and the postsurgical visit and between baseline and the 3-month postsurgical visit, but the mean scores for physical and functional well-being were significantly worse from baseline to the postsurgical visit. Mean PSS scores for the Muse group improved significantly between baseline and the postsurgical visits and between baseline and the 3-month postsurgical visits.
For the control group, the mean MFSI-SF mental fatigue score improved significantly from baseline to the postsurgical visit, and the mean emotional and mental fatigue and vigor scores improved significantly from baseline to the 3-month postsurgical visit. Mean FACT-G scores for control participants were significantly worse from baseline to the postsurgical visit for functional well-being, but the mean emotional well-being score was better at the 3-month postsurgical visit. The mean PSS scores for control participants improved significantly between baseline and each of the other 3 visits.
Although the changes in scores from baseline to each of the 3 visits were not significantly different between the Muse and control groups, some differences were notable. In the Muse group, the mean total MFSI-SF score decreased from 20.5 at baseline to 3.6 at the 3-month postsurgical visit; in the control group, from 20.4 to 12.1. In the Muse group, the mean total FACT-G score slightly decreased from 88.8 at baseline to 88.7 at the 3-month postsurgical visit; in the control group, mean total FACT-G increased from 81.2 to 84.3. In the Muse group, the mean PSS score decreased from 16.0 at baseline to 10.1 at the 3-month postsurgical visit; in the control group, from 17.3 to 11.1 (Figure 2 ).
High Muse users (n = 7) and low Muse users (n = 8) showed significant improvements in the emotional fatigue subscores and emotional well-being scores from baseline to the 3-month postsurgical visits. High Muse users showed slightly more improvement in PSS scores compared with the low Muse users, but this difference was not significant (Figure 3 ). For high CD users, mean scores improved significantly from baseline to 3 months postsurgery for fatigue (MFSI-SF emotional, mental, and vigor subscales), FACT-G emotional well-being, and PSS stress; for low CD users, none of the differences were significant. When we compared changes within study groups by use, only the scores on the MFSI-SF emotional fatigue subscale were significantly different between CD users: high CD users had significantly less fatigue compared with low CD users. Data were combined from the Muse and control groups to compare outcomes according to type of surgery (lumpectomy [n = 13] or mastectomy [n = 15]; Figure 4 ). Improvement was similar from baseline to the 3-month postsurgical visit for MFSI-SF fatigue (emotional, mental, and vigor subscale scores and total score), QOL (FACT-G emotional subscale), and PSS stress scores within each surgical group, and improvement was similar from baseline to the 3-month postsurgical visit between the surgical groups.
The WIWI survey was completed by 15 participants in the Muse group and 12 participants in the control group (Table 3) . Although 9 participants (75%) in the control group rated the experience of participating in the study as "the same as I expected," 9 participants (60%) in the Muse group rated the experience as "better than I expected."
The themes of the comments from the Muse group included satisfaction with the Muse device, a need for additional training with the device, interest in communicating with other participants, and a sense that the intervention was more rewarding for those interested in meditation. The themes from the control group included a preference for more advanced technology and tracking, a need for additional training, interest in having digital reminders, and dissatisfaction with the CD sound quality. None of the participants reported intervention-related adverse effects.
Discussion
This feasibility study shows that, despite previous limited evidence of efficacy, use of the Muse device may improve fatigue, QOL, and stress in patients with newly diagnosed breast cancer. Use of the Muse device in this population is feasible 24 and effective. Muse is a relatively low-cost, lowrisk, practical device that requires little or no training to use. Implementation of the intervention is easy because the Muse device is simple to set up and connect to a freely downloadable app on the user's own smartphone or tablet. These results also indicated that the Muse device was easily integrated, acceptable, and well received.
Our findings of improved measures of fatigue, QOL, and stress with mind-body therapies are consistent with the results of studies of similar interventions for patients with breast cancer. 25, 26 Functional well-being was significantly worse at the postsurgical visit than at baseline, but this was expected for patients who have undergone major surgery. Compared with other studies of mindfulness interventions for patients with breast cancer, our outcomes showed lasting effects for QOL and stress at 3 months, with substantially less patient training and face-to-face time (1 hour vs 6-8 weeks for mindfulness-based stress reduction). 27 Inability to commit to a lengthy, intensive training period has been cited as a reason for not participating in mind-body therapies. 28 In our study, the Muse device was used more times than the stress-management CD. Participants' comments at the 3-month postsurgical visit also indicated that the participants had more positive impressions of the Muse interface and less positive impressions of the noninteractive, nonmodifiable CD. These findings are comparable to previous findings of patients' preferences for and interests in interacting with high-tech interfaces to change behavior. 29, 30 Another feature that may increase the effectiveness of Muse over other options is the availability of direct feedback data, which may encourage the participant to use the Muse device and may increase time spent in the "calm" brain state.
Most participants believed that their experience in this study was worthwhile and that the Muse intervention improved their QOL. Poststudy feedback indicated that 60.0% of participants felt that their overall QOL improved with use of the Muse device and 93.3% would be willing to participate in this study again. The high rate of utilization also indicates that Muse can be used by most individuals. Muse also has a low potential for harm.
The primary limitation of this study is the small sample size, which limited the amount of data for comparison of clinical outcomes. In addition, participants in the control group received a stress-management resource that is not consistently a part of standard care. Thus, this study cannot distinguish a real effect of the intervention from a placebo effect. Finally, the control group had a slightly greater proportion of participants with an advanced-education degree than the intervention group. Women with a higher level of education tend to favor integrative medicine therapies, and therefore, this may have contributed to their willingness to participate in mind-body practices and may have reduced fatigue, improved QOL, and reduced stress.
In conclusion, use of a wearable, EEG device such as the Muse by patients with newly diagnosed breast cancer is feasible and improves fatigue, QOL, and stress. Such devices have the potential to be efficacious and effective tools to reduce the stress of breast cancer patients before surgery, and a larger trial is warranted. Future research, including larger randomized controlled studies, of low-cost, easily accessible devices are needed to investigate the psychological outcomes of breast cancer patients and other patient populations.
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